New analytical techniques in archaeobotany allow researchers to examine human plant use by developing interrelated, yet independent lines of evidence. Here we outline the results of a two-method archaeobotanical approach to investigate Archaic and Fremont Great Basin diets. We conducted both macro-and microbotanical (starch granule) analyses at nine archaeological sites located in central and southwestern Utah. Our results show that in contexts where macrobotanical remains are poorly preserved, the application of microbotanical methods can produce additional sets of information, thus improving interpretations about past human diets. In this study, macrobotanical remains represented seed-based dietary contributions, while microbotanical remains came primarily from geophytes. Results suggest largely overlapping diets for Archaic and Fremont residents of Utah.
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INTRODUCTION 1 2 3
Dietary data for past Great Basin inhabitants are difficult to acquire from excavations of open-air 4 archaeological sites. These sites are more exposed to post-depositional disturbances than caves and 5 rockshelters, and as such, often lack preserved vegetal matter, exhibit highly deflated subsurface deposits, and 6 include only limited assemblages of tools used to process plants. In settings like these, multiple lines of 7 archaeobotanical evidence may be necessary to determine what plants were collected and consumed and how 8 they were processed by people in the past. The most commonly employed method of investigation of past 9 human diets involves studying the macrobotanical remains from archaeological deposits. Such analyses 10 typically focus on seeds (or seed-like reproductive bodies), because they are made up of dense and durable 11 tissues that allow better preservation in the archaeological record.
that, when quantified, can be used to make taxonomic determinations (e.g., Louderback et al. 2016a ). Released 23 from plant cells during anthropogenic processing (i.e., grinding and cooking) these starches become deposited 24 on archaeological tools and in archaeological sediments. Though vulnerable to damage via organic and 25 chemical processes, the microcrystalline structure of the granules renders them relatively resilient to decay, and 26 as such, are often preserved in archaeological contexts where other macrobotanical remains are not (for reviews 27 see: Barton and Torrence, 2015; Haslam, 2004; Henry, 2014; Piperno, 2006; Torrence and Barton, 2006) .
29
While the application of new methodological approaches in archaeobotany has become increasingly common 30 over the past 20 years, these methods are not often applied jointly. However, the results of recent studies that 31 combine macro-and microbotanical evidence verify the utility of the approach (e.g., Boyd et al. 2006; Delhon 32 et al., 2008; Dickau, 2010; Dickau et al., 2012; García-Granero et al., 2015; Louderback 2014; Messner 2008, 33 2011; Morell-Hart et al., 2014; Perry, 2004) . The present study investigates the dietary practices of Fremont 
Site Locations and Sampling History 4 5
We conducted archaeobotanical analyses (macrobotanical and starch granule analysis) on sediments and 
18
Archaeological testing indicated that nine sites contained significant data relevant to key research issues and 19 these sites were subject to extensive archaeological excavation. To better characterize the relationships among 20 cultural features identified during excavation of these sites and to better understand spatial and temporal 21 components of prehistoric activities at the site, identified features were aggregated into analysis units (AUs).
22
Each AU consists of a group of features and/or excavation or testing units that are inferred to represent a 23 distinctive or unique portion of a site. Not all cultural features were associated with an AU. Those features not 24 associated with an AU consist mainly of sediment stains, depressions, artifact concentrations. These features 25 lack sufficient information to infer primary function. Temporal assignment of each AU was made using the 26 presence of temporally diagnostic artifacts and by radiocarbon dating associated features where available 27 (Table 1 ; Supplementary Materials A). When two or more temporal periods were indicated by either the 28 artifacts and/or radiocarbon dating, the AU was assigned to both cultural periods (e.g., Archaic and Formative).
29
Samples for archaeobotanical analyses were selected from AUs from these nine sites as described below.
31
Primary research objectives related to subsistence, season of occupation, site structure/feature function, and 32 paleoenvironments suggest specific archaeological contexts where relevant data are more likely to be found. To 33 prioritize sediment samples for analysis and to maximize data yield to address these research objectives, we 34 considered several salient contexts. First, sediment samples collected from sites subjected to data recovery 35 were prioritized over sites for which only test excavation was conducted. Second, specific site contexts that 36 were inferred to be temporally discrete were considered priority sampling areas. Last, well-defined features 37 inferred to have been middens, living floors, or roasting pits, for example, were considered priority contexts. A 38 summary of site chronology and ecological setting for those sites for which archaeobotanical analyses were 39 conducted is given in Table 1 . We conducted macrobotanical analyses on fifty-four sediment samples associated with archaeological features Table 1 ). All analysis took place at the Archaeobotany Laboratory in the Natural 8 History Museum of Utah (NHMU). For each sample we measured weight and volume, then split samples 9 greater than one liter in volume using a riffle box. We floated one-liter samples in a water bath to separate the 1 light fraction (organics) from the heavy fraction (sands and silts). The light fractions were collected on tulle 2 fabric and air-dried in preparation for sorting. The heavy fractions were air-dried, measured and re-bagged for 3 storage.
5

Identification of macrobotanical plant parts
6
To identify plant remains (seeds, fruits, leaves, etc.) we sorted light fractions using a Zeiss Discovery V8 7 modular stereo-microscope with 8x magnification (Zeiss International, Göttingen, Germany). Sorting and 8 identification methods followed standard techniques outlined in Pearsall (2015) . Identifications were made in 9 consultation with the macrobotanical reference collection (n = ~ 350 specimens) at the NHMU Archaeobotany 10 Lab. When identifiable plant remains were encountered, we tallied them and placed them in small, labeled vials 11 for determination of identity and condition (charred or uncharred), the latter being important in determining 12 dietary use. In the discussion below, we consider only charred remains components of human diets, as 13 uncharred remains likely represent modern contaminants.
14 15
Starch Granule Analyses
17
Artifact and Sediment Samples
18
Ground stone tools. We conducted starch granule analysis on ground stone tools (n = 12) from four excavated 19 sites (Table 1 ; Supplementary Materials C). Ground stone specimens were received by the NHMU
20
Archaeobotany lab individually wrapped in aluminum foil. We did not wash specimens prior to analysis 21 although some were brushed to remove excess sediment. A portion of each tool was sonicated (an isolated 22 surface cleaning technique using sound waves to dislodge sediment and residues from artifact surfaces). Sera
23
(fluid containing flushed residues and sediment) were further processed in order to isolate starch granules (for 24 methods see Louderback et al., 2015) . Most control sediments for this study were selected from features associated with ground stone tools (two 40 control sediment samples did not come from the same feature, but from nearby excavation units, see
41
Louderback et al., 2016b). We processed one gram of sediment from each control sample by deflocculating 42 overnight (a process using a mix of deionized water and Calgon® to separate organic materials from 1 inorganic), then proceeding in the same manner as above.
3
Recovery of starch granules
4 Extraction of starch granules followed standard procedures (Louderback et al., 2015) with particular care given 5 to avoid contamination during processing (Crowther et al., 2014) . We sieved the serum from each sample 6 (either from artifacts or sediments) using a 125 µm mesh Endecott sieve and transferred the contents to a 50 ml Once identified and photographed, archaeological starch granules were described according to an established 22 set of structural and surface characteristics (Cortella and Pochettino, 1994; ICSN, 2011; Perez et al., 2009;  
30
• Extinction cross, dark crossed lines within the bright image of the granule when viewed in polarized 31 light. Arm width, arm waviness, extra arms, and width/closure at hila were noted.
32
• Lamellae, (sometimes visible) growth rings emanating from the hilum. Lamellae were quantified as 33 either present or absent upon microscopic examination.
34
• Granular shape, the 2-and 3-dimensional shape of each granule. For example, granules can appear in 35 many forms such as spherical, ovoid, trapezoidal, etc.
36
• Size. Starch granules were categorized by size: x-small <5 microns (µm), small 5-15 µm, medium 16-37 24 µm, large >25 µm. Each granule was measured using Zen software, and length was recorded as the 38 maximum length (µm) through the hilum.
39
• Fissures/cracks, lines visible on granules created by pressures within the granule during formation. 
Starch reference collection
24
After archaeological starch granules were located, described and photographed, we compared them to modern , 1936; Chamberlain, 1911; Couture et al., 1986; Fowler, 1986) 
Opler
Macrobotanical Analysis
18
We recovered remains of plants with known dietary importance from approximately half (53%; 28 of 53) of the as Artemisia tridentata. Sediment samples also contained many organic and inorganic concretions, some 7 representing small mammal and insect excrement, as well as invertebrate eggs and fungal structures. Figure 4 ; Appendix A). In other instances, starch granules could only 3 be assigned to genus (Calochortus spp., Fritillaria spp., Leymus spp., Lomatium spp.). Finally, some granules 4 could not be assigned to one specific genus or taxon, but instead fit into a broader category which included a 5 subset of taxa with some overlapping morphological characteristics. .
7
We recovered graminoid starch granules of Leymus spp. from five artifacts. Starch granules from Z. mays were 8 very common, occurring on seven of the artifacts sampled. We found no evidence of stained starch granules 9 and/or granule conglomerates identified as Amaranthaceae on any of the ground stone artifacts sampled. combined were approximately 1/20 th of those recovered from the surfaces of ground stone tools (Table 3 ). The 6 presence of residual starch granules in sediments from associated plant materials is, therefore, regarded as 7 insignificant when compared to accumulations pressed into cracks, crevices, and interstitial spaces on ground 8 stone surfaces. Starch granules in sediments are often quickly decomposed by enzymatic processes (Haslam, 9 2004), and while it is possible that these residual sediment starches could become embedded on surrounding 10 artifacts, it is uncommon (Haslam, 2004; Zarrillo and Kooyman, 2006) . (Aschmann, 1952; Curtain, 1949; Felger and Moser, 1976 We recovered macrobotanical plant remains of dietary importance from nearly half of the features examined.
40
The most common of these were the often burnt fruits and seeds of Chenopodium spp. were collected in the spring when other plants were not yet available (Balls, 1962; Brink, 1969; Castetter and 10 Opler, 1936; Chamberlain, 1911; Couture, 1978; Couture et al., 1986; Fowler, 1989 Fowler, , 1986 Kelly, 1932; 11 Lawton et al., 1976; Mahar, 1953; Spier, 1930; Steward, 1933 Creer, S., Burillo, R., D'Andrea, R., Edwards, M., Fisher, R., Gatenbee, A., Gauthier, J., Griset, S., Hovanes,
30
K., Krussow, L., Lechert, S., Medeiros, M., Michalczuk, C., Oliver, A., Phillips, S., Schmitt, D.N. 
